Objective: There have been concerns about the effects of antipsychotics on weight gain and the development of type 2 diabetes (T2DM). This article aims to provide an up-to-date review on the evidence addressing this issue and the practical implications for the management of people taking antipsychotics in the context of T2DM. Methods: We carried out searches on MEDLINE/PUBMED and the ClinicalTrials.gov website in August 2017 using the terms 'antipsychotic' and 'diabetes' or 'glucose' citing articles published after 2006 preferentially. Results: Antipsychotics are associated with T2DM and are likely to exert a causal effect of uncertain magnitude. Children and adolescents appear especially vulnerable to these metabolic effects; as T2DM is not common in healthy younger people, the relative risk is more apparent. Antipsychotics act on glucose and insulin homeostasis in a variety of direct and indirect mechanisms. To reduce the increasing health inequalities among individuals with mental illness screening, monitoring and prevention of T2DM is important, as is improved diabetes care in this population. Conclusion: It remains unclear whether these antipsychotic medications exacerbate an underlying predisposition to the development of T2DM or have a direct effect. Potential risks need to be weighed up and balanced between improved and lasting mental health benefits and any detrimental physical health side effects. Achieving parity of esteem between mental and physical health is a worldwide priority if we wish to improve life expectancy and quality of life in people with severe mental illness.
Introduction
The prevalence of type 2 diabetes (T2DM) has dramatically increased globally over the last 30 years alongside the growth of overweight (body mass index (BMI): 25-29 kg/m 2 ) and obesity (BMI ≥ 30 kg/m 2 ) (1). 9.1% of adults in Europe are living with diabetes, with T2DM comprising over 90% of cases and a further 4.8% are estimated to be living with impaired glucose tolerance (2) . The Framingham Heart Study identified T2DM as a key, potentially modifiable, risk factor relating to cardiovascular disease (CVD), which remains the leading cause of death in people with T2DM, accounting for twothirds of all deaths in those aged over 65 years (1) .
People with schizophrenia and bipolar disorder, collectively known as severe mental illness (SMI), die on average 10-20 years earlier than the general population, and this mortality gap is widening (3) . Much of this excess mortality is explained by increased rates of physical illness; cardiovascular disease and its risk factors occur twofold more commonly than in the general population while the rates of morbidity and premature mortality related to diabetes in people with SMI are also increased. The physical illness is increased, in part, through environmental factors, such as poor lifestyle (diets rich in saturated fat and refined sugar coupled with physical inactivity) and poverty, as well as facets of the mental illness (4) . Long before the introduction of antipsychotics, there was a recognised association between SMI and diabetes ( Fig. 1) and, given the longstanding link, a metabolic phenotype intrinsic to SMI has been suggested. There may also be a genetic susceptibility between the two disorders or disease-specific effects of SMI on neuroendocrine function, affecting the hypothalamic-pituitary-adrenal and growth hormone axes and inflammation.
In addition, however, health service inequalities and treatment with antipsychotics may exacerbate the situation. Antipsychotics are used worldwide for a variety of mental health disorders but the commonest licensed indication is SMI. Both conditions have a lifetime prevalence of 1% and occur equally in both sexes (5) . Randomised controlled trials (RCT) have shown that antipsychotics prevent relapse and hospitalisation in SMI and decrease mortality from suicide (6) . Secondgeneration antipsychotics (SGA) were developed with less occupancy of dopamine D2 receptors to avoid the stigmatising extrapyramidal symptoms of first-generation antipsychotics (FGA). Since the introduction of SGAs, however, concerns have arisen that these newer agents lead to side effects of a different nature, namely, weight gain and T2DM. It is also well recognised that individuals respond differently, both in regards to efficacy and side effects, meaning the choice of treatment remains challenging.
Equivalent diabetes care in people with and without mental illness remains aspirational, and this needs to be addressed in order to improve mental health outcomes and reduce the risk of diabetes complications. There is a lack of clarity about who should take responsibility for the physical health needs of those with mental illness, and this remains a major hurdle to improving outcomes. This article aims to promote a collaborative ethos by discussing the latest evidence and guidelines and encouraging endocrinologists to reflect on their own involvement in the care of these potentially vulnerable individuals.
Aims
The aim of our review is to provide the latest evidence of the effects of antipsychotics on weight gain and intermediate metabolism, particularly in the context of the association between antipsychotic medications and T2DM. As the effects of antipsychotics on the risk of diabetes may vary according to the mental illness, we will structure our findings according to different mental health illnesses. We will initially examine the effect in SMI (adult followed by childhood and adolescents), before moving onto autism and behavioural disorders, major depressive disorder and finally dementia and delirium. We will then examine the potential mechanisms underlying this interaction and also briefly consider what other factors could be playing a role. Finally, we will discuss how management of these co-morbidities may differ and clarify physicians' specific role and responsibilities for this increasingly common scenario.
Methods
In order to write this narrative review, we searched for articles and registered trials on MEDLINE/PUBMED databases and on the ClinicalTrials.gov website respectively in August 2017. Searches were performed using the terms 'antipsychotic*' and 'diabetes' or 'glucose'. The additional terms 'dementia', 'delirium', 'depression' ,'autism' or 'behaviour' were also added to separate searches. We reviewed the Cochrane database but no Cochrane review has specifically examined antipsychotics and T2DM; however, glucose measurements have been included in individual antipsychotic reviews and within a review in the adolescent population. Finally, the latest guidelines addressing both mental illness and T2DM together and individually were reviewed. By necessity, we have been selective in our choice of papers, but we have concentrated on articles published after 2006 to provide the most up-todate review of this rapidly moving field.
The effect of antipsychotics on glucose homeostasis
The situation regarding T2DM and antipsychotic medications is complex not only because of the multiple confounders in people with mental illness but also because of frequent changes in antipsychotic medication in comparison to the long natural history of T2DM. In order to unpick this relationship, adequately powered prospective RCT with glucose or diabetes as a primary outcome are ideally needed. By design, the likelihood of significant bias and confounding would be reduced but no such RCTs have been reported. This is perhaps unsurprising given the length of trial that would be needed as T2DM normally develops over a number of decades and researchers' concerns around recruitment, adherence to trial protocol and retention rates in a large study design. Glucose and diabetes, however, have been described as secondary outcomes in a number of RCTs and systematic reviews. Although we can use these data, the trials are generally underpowered to examine the link between antipsychotic use and diabetes, not least because the reporting of glucose has frequently been poor.
There are several other sources of evidence that can also be considered. Case reports initially raised the question of a link between antipsychotic medications and T2DM but are limited as the findings cannot be extrapolated to the wider population. Similarly drug safety reporting is limited by a lack of a control and can be influenced by selective reporting and recall bias. Nevertheless, they may provide an indication of the size of the association.
A large number of observational pharmacoepidemiological studies and meta-analyses have linked antipsychotic medications with the development of T2DM. While these types of studies include large numbers of people exposed to antipsychotics, many fail to adjust for important confounding known risk factors for T2DM. Further limitations include the quality of clinical data and confounding by indication, namely as reports emerged about the association between T2DM and antipsychotics, it is likely that clinicians took into account perceived metabolic side effects when choosing an antipsychotic. It is, therefore, possible that drugs with a lower propensity to cause weight gain or metabolic side effects may be preferentially used in people with the highest risk of T2DM, thereby attenuating any observed difference in diabetes or glucose changes with drugs with a higher propensity to cause metabolic side effects. Despite these limitations, however, they add to the body of evidence and along with secondary outcomes from RCTs need to be considered to build a full picture.
Severe mental illness

Adult population
The literature is fairly consistent in showing rates of T2DM in people with SMI that are two to threefold higher than the general population (7) . The majority of studies also suggest that antipsychotic treatment is associated with a higher prevalence of diabetes than those on no treatment (8, 9) . One meta-analysis found the prevalence of T2DM was 2.1% in untreated people with early schizophrenia compared to 12.8% in those taking antipsychotic medication (10) .
The association with T2DM appears to differ between antipsychotic agents with SGAs more strongly implicated (Table 1) . A number of systematic reviews and metaanalyses of RCT have been published on this topic with one meta-analysis reporting a 32% higher relative risk of T2DM in adults prescribed a SGA than in those on a FGA (11) . A meta-analysis of head-to-head comparisons of the SGAs found olanzapine and clozapine produced a statistically significantly greater increase in glucose levels from baseline to endpoint than amisulpride, aripiprazole, quetiapine, risperidone and ziprasidone (12) . In one small RCT involving 15 normal weight healthy volunteers, olanzapine showed a 42% increase in the glucose area under the curve compared to placebo during an oral glucose tolerance test (13) . A recent systematic review of population-based studies also concluded that clozapine along with olanzapine are the SGAs most strongly associated with T2DM (14) . A meta-analysis has also reported that the association of T2DM for olanzapine and clozapine also appears to be independent of whether they are used in antipsychotic naive or chronic disease (RR: 1.45, 95% CI: 1.28-1.64 for clozapine and RR: 1.29, 95% CI: 1.20-1.37 for olanzapine) (8) .
Thirty-two Cochrane reviews have been carried out comparing various antipsychotic medications. Overall, they recognise their conclusions are based on limited data and include studies sponsored by manufacturers. One example is the review which compared risperidone and aripiprazole, at the time of the review the newest antipsychotic ( Table 2 ). This showed that the latter had a less adverse effect on glucose metabolism (15) . A metaanalysis has now also shown that aripiprazole too has a reduced risk of T2DM with odds ratios that are lower than those on no antipsychotics (OR: 0.53) (16) . Nevertheless, these reviews are a useful resource for clinicians considering newer antipsychotic medications, which have not been included in older meta-analyses.
It is important for healthcare professionals and people with SMI to consider that most people taking antipsychotics will not develop diabetes. The two largest RCTs to assess the effectiveness of antipsychotics for psychiatric symptoms (primary outcome) included glucose measurements (17, 18) . Small differences in glucose measurements were seen, but there were no reported differences in rates of T2DM. While the Clinical Antipsychotics trial of Intervention Effectiveness (17) showed an increase in glycated haemoglobin (HbA 1c ), especially in those treated with olanzapine (+0.41% (4 mmol/mol) from baseline), 25.7% of participants had evidence of impaired glucose metabolism at the start of the trial as assessed by a fasting glucose concentration of >5.6 mmol/L. Arguably therefore, those with and without initial glucose abnormalities should have been analysed separately. In the effectiveness of antipsychotic drugs in first-episode schizophrenia (EUFEST) trial, the mean change in glucose concentration over 12 months ranged from 0.2 to 0.5 mmol/L; no statistically significant differences between antipsychotic medications were seen (18) . Dysglycaemia below the diagnosis cut off for diabetes is, however, also a risk marker for future CVD and mortality and, therefore, it is worth bearing in mind that these small changes in glucose might translate into clinical consequences in the long term.
Children and adolescents
Antipsychotic trials and reviews have overwhelmingly concentrated on the adult population, whose adverse events may not be applicable to children and adolescents. It is concerning that the relative risk of T2DM associated with antipsychotics appears to be greatest in those aged 0-24 years (OR: 8.9, CI: 7.0-11.3) (19) . SGAs were associated with an elevated fasting plasma glucose levels or T2DM in 21.5% compared with 7.5% of the drug-naive group (20) . While T2DM in antipsychotic-exposed youths is rare, systematic reviews and meta-analyses recognise that the relative risks are significantly higher than the general population and those not on antipsychotics (21) . Some report this risk to be threefold higher (22) . One drug safety report study simultaneously considered different age groups taking antipsychotics for a variety of indications. In this study, among those aged less than 18 years, weight gain (but not diabetes) was in the top five reported side effects in five of the seven antipsychotics examined. T2DM was the commonest side effect reported among the adult population (23) .
The majority of systematic reviews in children and adolescents with SMI conclude that antipsychotic exposure time and specifically olanzapine are the main modifiable risk factors for T2DM (21, 24) . The association between deleterious insulin resistance has also been shown especially with regard to olanzapine and United Kingdom (UK) guidance therefore recommends that olanzapine is not used first line because of its potential metabolic effects (25) .
Accelerated weight gain in young individuals is a particularly serious side effect posing substantial health risks later in life (26) . Pre-pubertal children run the greatest risk of alarmingly rapid weight gain although there are conflicting views as to whether disproportionately greater weight gain is seen in children and adolescents. Some authors argue that greater weight gain is not seen in this population but appears more apparent because older studies include adults who were already on antipsychotic medications and therefore were not starting from the same baseline (26) .
Autism and behavioural disorders
In the paediatric population, antipsychotics are not only licensed in SMI but also in autism spectrum disorder (ASD) and Tourette syndrome. In clinical practice, antipsychotics are used even more broadly, including offlabel, in other behavioural disorders. There is a paucity of data in this area regarding their use and the development of T2DM. We only identified one article considering this topic, which supported findings seen in children and adolescents taking antipsychotic medications for psychosis. In this cross-sectional analysis, the mean concentrations of glucose and insulin rose significantly with risperidone dosage and duration implying treatment disturbed glucose homeostasis (27) .
A Cochrane review in 2017 looking at SGAs for disruptive behaviour disorders in children found two trials that mentioned measuring glucose levels during treatment but no specific data were provided. Older Cochrane reviews in children with ASD did not mention glucose or T2DM but reported additional weight gain of 1.7 kg with risperidone and 1.13 kg with aripiprazole compared to placebo. Understandably a likely relationship between antipsychotic medications and T2DM raises concerns over their use in younger populations. Whether disease factors in all psychiatric illness inherently increase the risk of T2DM is unknown. Judicious use for the shortest possible duration seems a reasonable approach given that onset of diabetes at an earlier age is likely to have greater long-term consequences.
Major depressive disorders
Compared with the general population, people with major depressive disorders also appear to have a 1.2-to 2.6-fold higher prevalence of diabetes (28) . A largescale meta-analysis found that T2DM prevalence was consistently and similarly elevated in major depressive disorders, schizophrenia and bipolar disorder (11.1-13.7%) compared with matched controls (29) .
Epidemiological studies and studies of large samples of psychiatric populations indicate that 15-20% of individuals with major depression have psychotic features (30) . Second-generation antipsychotics may be used in addition to antidepressant medication in this scenario or in drug-resistant depression. In people taking antipsychotics for depression, risk factors for T2DM include the use and duration of antipsychotic treatment, use of mood stabilisers, younger age and residence in urban areas (29, 31) . However, a recent systematic review suggests that the risk from antipsychotics is small (32) . In a doubleblind RCT of olanzapine plus sertraline vs olanzapine and placebo for psychotic depression, participants from all age groups experienced significant increases in weight (45.1-65.0%) while fasting blood glucose (FBG) levels increased significantly among younger adults. These metabolic changes are consistent with those reported during olanzapine treatment among younger adults with schizophrenia, but the weight gain may be due to recovery of weight lost during the depressive episode (30) .
Antidepressants, such as amitriptyline and mirtazapine, and mood stabilisers, such as lithium and valproate, have also been associated with weight change. While weight gain is generally milder, one systematic review suggests clinically relevant differences after 6-12 months. Mirtazapine, paroxetine and amitriptyline had most weight gain while bupropion was associated with weight loss (33) . Antidepressants may also have an impact on mental illness-related factors relevant to the risk for T2DM, such as physical activity and diet.
While disentangling a drug effect is again challenging, it appears that awareness by healthcare professionals of the 178:6 R250 Review C A Whicher and others Antipsychotics and diabetes www.eje-online.org importance of prevention, early detection and adequate treatment of diabetes is also relevant in all people with major depressive disorders.
Dementia and delirium
Despite a lack of evidence of their effectiveness and safety concerns around increased mortality and cerebrovascular accidents, antipsychotics are also used to treat psychosis and persistent agitated behaviour in dementia and, less commonly, delirium. The United Kingdom recommends their use only after a number of stringent conditions have been met (34) . Particular caution is advised with FGA in Lewy body dementia as individuals are at particular risk of severe adverse reactions. Treatment should be time limited and regularly reviewed (at least every 3 months).
The metabolic adverse effects of antipsychotics, including dysglycaemia and weight gain, in this older population are less studied but appear to be less marked. A recent systematic review in this population included 16 drug-placebo RCTs and only four reported significant weight gain (35) . Hypotheses for this include an earlier peak in the risk of developing T2DM and weight loss that is commonly seen in advanced dementia, particularly in nursing home populations. As this was the setting for many of the larger scale studies (median duration of stay 5.3 months in one study (36) ), this reduced metabolic risk may not be similar for people living with dementia in the community.
Few studies have reported detailed information on hyperglycaemia or T2DM but an extension of the original CATIE trial examined efficacy and safety of SGAs in 421 outpatients with Alzheimer's dementia. Reassuringly, this found no adverse effect on glucose despite clinically significant weight gain in women taking SGAs for more than 24 weeks. Compared to those not taking antipsychotics, the odds ratio for weight gain was 3.38 (95% CI: 1.24-9.23) (37). Whether this weight gain could ultimately affect glucose metabolism is unknown.
While there are insufficient data to make definite conclusions, metabolic effects appear to be less concerning in older people, but this issue must be closely reviewed.
Epidemiology conclusion
In summary, there appears to be a link between the use of antipsychotics and the development of diabetes. Children and adolescents appear especially vulnerable to these metabolic effects while in the older population these effects are not prominent. The overall absolute risk of antipsychotics and T2DM, however, is small, and it is likely that the drugs may accelerate the presentation of diabetes rather than precipitate the disease de novo in most cases.
Mechanism
If a biologically coherent mechanism between antipsychotics and T2DM exists, this would support a causal relationship. While no specific link has yet been pinpointed, different hypotheses have been postulated, including the effect of antipsychotic-induced weight gain on insulin resistance, a direct effect on insulin signalling and a direct cytotoxic effect on the pancreatic β-cell.
Weight dependent
The association of obesity and T2DM is well established with each additional 1 kg/m 2 in BMI increasing the risk of T2DM by 8.4% (38) . Antipsychotics are among the most obesogenic medications and this indirect route is coherent with our understanding of the pathophysiology of the development of T2DM. Weight gain is the commonest side effect of antipsychotics although to a lesser extent with FGA. Greater than 7% weight gain from baseline has been seen in up to 72% of those taking SGAs (39). This often occurs within 8 weeks of drug initiation, especially in younger or antipsychotic naive individuals but can continue, albeit at a slower rate, for up to 4 years (18) . Adiposity levels during antipsychotic treatment have been separately confirmed to be strongly related to insulin resistance (40) . As, in the general population, however, T2DM is not inevitable in everyone who gains weight and we are not aware of any prospective study that shows a clear relationship between antipsychotic related weight gain and incident T2DM. There is a hierarchy of effect on weight with certain medications (olanzapine and clozapine) being most strongly associated with weight gain, risperidone and quetiapine having an intermediate effect on body weight while aripiprazole and ziprasidone have the least effect. In children and adolescents roughly the same hierarchy for risk of weight gain with these agents has been identified (26) . At all ages, however, there is also considerable variation between individuals (for example, the 5th to 95th centile for weight change is 1.4-9.5 lb/month with olanzapine (41) ) and so no antipsychotic should be considered truly weight neutral. Weight gain, however, should be considered when choosing antipsychotic medication.
A number of hormones, neurotransmitter receptors and neuropeptides have been implicated in the mechanism of antipsychotics induced weight gain but those that regulate appetite stimulation and consequently increased food consumption are thought to be more specifically involved. These have been considered in the following basic science studies.
Hormones
Leptin is disproportionally high in relation to adiposity in those taking antipsychotics (42) which raises the possibility that the leptin signalling mechanism may be disrupted by antipsychotics. This would be consistent with the increased appetite experienced by people taking antipsychotics despite significant weight gain (43) .
Serum prolactin is known stimulate β-cell proliferation, insulin production, and insulin secretion during the second half pregnancy and epidemiological studies have shown that serum prolactin is inversely associated with the risk of diabetes (43) . Hyperprolactinaemia is a wellrecognised side effect of FGA, risperidone and amisulpride while the incidence of hyperprolactinaemia is much lower with the other SGA. It has been postulated that this may partly explain the difference in the risk of diabetes between FGA and SGA. By contrast, aripiprazole, which is a partial D2 receptor agonist and has the lowest rate of hyperprolactinaemia of all antipsychotics and also has a low propensity for diabetes (44) .
There has also been interest that clozapine related T2DM is mediated through reduced glucagon like peptide 1 (GLP-1) raising the possibility that GLP-1 receptor agonists (GLP-1RA) could be co-administered with antipsychotics to prevent development of T2DM.
Neurotransmitters
A key receptor postulated to mediate homeostatic and hedonic aspects of feeding is the histamine H1 receptor, which reduces food intake (45) . This is blocked by many SGAs but clozapine and olanzapine have the highest affinity. The anorexigenic serotonin 5-HT 2c receptor has also been implicated (45) . While both clozapine and olanzapine are potent 5-HT 2c receptor antagonists and deletions of the gene for this receptor in mice results in obesity, other SGAs associated with less weight gain, such as ziprasidone, also have a higher affinity for this receptor. Antipsychotics bind to the adrenergic B3 and A1 receptors and, while the affinity for these receptors is weak, there is correlation between antagonism of this receptor and weight gain for several antipsychotics.
Neuropeptides
Neuropeptides, such as Melanocortin 4 receptor and Brain Derived Neuropeptide Factor, play a role in weight regulation. Antipsychotics increase expression of the latter in the hippocampus and prefrontal cortex and may play a role in antipsychotic-induced weight gain (42) .
Weight independent insulin resistance
An alternative explanation is that antipsychotics directly cause T2DM through increased insulin resistance independent of changes in BMI, impaired β-cell function or both. This is an important area to consider as a number of people develop T2DM while taking antipsychotics without weight gain and these medications have also been associated with potentially fatal diabetic emergencies.
A unifying property of all antipsychotics is their blockade of dopamine D2 and D3 receptors. Dopamine plays a role in central glucose regulation and D2 and D3 receptors are also found in beta cells. Through negative feedback, dopamine inhibits further insulin release, and chronic insulin secretion may promote insulin resistance similar to hyperinsulinaemia in T2DM (46) . In T2DM, insulin resistance may contribute to the exhaustion of β-cells.
The hypothesis that antipsychotics provoke glucose and insulin disturbances independent of weight gain is also supported by the clinical trial of olanzapine in healthy volunteers that was discussed earlier. A further clinical trial showed increased fasting insulin resistance levels in hospitalised patients taking olanzapine over 5 months compared to risperidone, despite no significant weight change. There were no differences between C-peptide levels or measures of insulin secretion (47) . Marked acute hepatic insulin resistance has also been demonstrated with intravenous olanzapine in healthy rats (48) .
Insulin secretion
A recent systematic review reported 72 cases of antipsychotic associated diabetic ketoacidosis (DKA), a state of marked insulin depletion (49) . The review found associated weight gain in only half of the reported cases and DKA was the first clinical presentation of diabetes in the majority. More than half were associated with polypharmacy. Autoantibodies were only measured in 13 cases but were negative in 85%, supporting the argument that these are generally not new cases of autoimmune type 1 diabetes and a direct toxic effect of the antipsychotic should be considered.
Antipsychotics act on multiple receptors that are found both in the brain and the islet β-cells and could affect insulin secretion. Antagonism of the muscarinic M3 receptor is one such example (45) . One RCT concluded that amisulpiride but not olanzapine appears to acutely increase pancreatic insulin secretion in healthy individuals and that stimulation of β-cells could be a protective factor against the development of T2DM. Antipsychotics have partial 5HT 2c properties; full agonists have been shown to reduce insulin secretion in isolated islets in animal studies (48) . Finally in vitro effects have suggested clozapine has a direct effect to inhibit glucose-dependent insulin release by β-cell membrane hyperpolarisation (50) .
In summary, it is becoming clearer that antipsychotics act on glucose and insulin homeostasis in a variety of direct and indirect mechanism. It seems likely these complex interactions, including a direct effect on the β-cell, along with others not yet recognised, may lead to the observed changes in glucose in some individuals.
Management
To reduce the increasing health inequalities among individuals with mental illness, screening, monitoring and prevention of T2DM are important components of the physical health care of those taking antipsychotics. This has been acknowledged in numerous national and international guidelines (51) .
While the fundamental principles of many of the guidelines are in agreement, there are some areas where recommendations differ. Conflicting views on both clinical matters and ambiguity over roles (i.e. who should do the monitoring) can result in inertia. A review of UK psychiatry healthcare professionals found that 17% thought it was not part of their role to provide advice about weight (52) despite national guidance stating that 'the secondary care team maintains responsibility for screening and monitoring metabolic risk factors for the first 12 months or until the condition has stabilisedwhichever is longer' (25) . Reasons from mental health professionals for this discrepancy included 57% being worried about treating obesity and T2DM and a lack of incentive. Education of the mental health team should therefore not be forgotten. Many healthcare professionals may be unfamiliar with the notion of metabolic risk and the importance of assessing and treating this and so diabetes services should consider how to provide a rolling education programme. Appropriate agreement about clinical responsibility is needed to ensure joint working across mental and physical as well as primary and secondary care teams.
Screening and monitoring
Opportunistic screening of established and modifiable risks for the development of T2DM is important for people with SMI. In the UK, the first joint diabetes and psychiatry guidelines were published earlier this year for psychiatric inpatient settings and discuss the importance of taking this opportunity for screening, if not already performed in the community (53) . A repeat metabolic risk assessment is also universally recommended if individuals are switched from one medication to another.
With the effort to reduce the use of antipsychotic medications in dementia and delirium, there has been little focus on monitoring or screening for these individuals but some groups recommend assessing cerebrovascular risk factors before antipsychotics are offered to an individuals with dementia (34) .
Thorough evaluation is essential to identify those at greatest risk of metabolic side effects and to plan appropriate monitoring and therapy. Initial evaluation should ideally include pre-treatment screening as well as education. Medical history should include personal and family history of obesity and diabetes and other nonmodifiable risk factors for diabetes such as age, gender and ethnicity. Clinicians should also enquire about lifestyle, diet and exercise history. In this review, we will now consider measurements of overweight or obesity and glucose measurements but other cardiovascular risk factors such as blood pressure and lipids should not be forgotten nor smoking cessation advice.
Some guidelines recommend using a specific diabetes risk score assessment tool, such as the QDiabetes risk calculator or the Leicester practice risk score (54) . Others, however, worry that these tools were designed for adults over the age of 50 years and given the concerns about risk of T2DM in children and adolescents as well as young adults, believe a more specific SMI validated risk score is needed for this population (55) . Guidelines, which focus on children and adolescents, advocate that primary prevention of overweight and obesity should be the highest priority in this age group (56) .
International guidelines recommend continued monitoring of weight and glucose measurements during treatment with antipsychotic medications to evaluate for changes although the frequency varies. While measurement of waist circumference provides a better indication of adiposity linked to cardiovascular disease, it is generally felt to be intrusive and may be less practical in psychiatric settings. The European consensus statement (55) suggests that the frequency of testing will depend on the person's history and prevalence of risk factors, but a pragmatic approach to opportunistic screening may be needed ( Table 3) .
The recent British Association for Psychopharmacology (BAP) guidelines advise using fasting or random blood glucose measurements initially and at 12 weeks later but HbA 1c in the longer term (57) . This is to avoid false negative HbA 1c results shortly after initiation if glucose levels rise sharply. While many other guidelines recommend the use of FBG in the longer term, this is likely because they were published at a time when FBG was seen as the 'gold standard' prior to the World Health Organisation inclusion of HbA 1c as a diagnostic test for diabetes. HbA 1c has the advantage of not requiring fasting, which can be challenging in this group, and is therefore generally considered appropriate. The fact that HbA 1c may not detect all glucose abnormalities, however, should be remembered (58) . If symptomatic, fasting or random blood glucose measurements should be taken. Finally while the use of simple finger prick tests is sometimes advocated for simplicity, any results outside the normal range must be confirmed by laboratory testing.
Pragmatic recommendations such as 'monitoring may be carried out less frequently once weight has stabilised, but closer monitoring of weight may be required in those gaining weight' seems reasonable. All people taking antipsychotics should also be encouraged to monitor their own weight and report any weight change to their treating clinician. In order for people to seek advice and testing to confirm a diagnosis of diabetes, the importance of education concerning the acute symptoms of diabetes cannot be underestimated. Once established on medication, quarterly, biannually or annually measurements of weight and HbA 1c are advised depending on the guideline.
It is recognised that screening and monitoring is often not being done in routine clinical practice. A recent audit in the UK found that only 56% of people with schizophrenia had a record of blood glucose control (52) . This figure was co-incidentally identical in a meta-analysis of studies examining routine metabolic screening practices in those taking antipsychotics in five countries (56.1% (95% CI 32.4-63.7)) (59) . In a number of cases, local or national guidelines were then implemented and direct head-tohead pre-and post-guideline implementation showed a modest but significant (15.4%) increase in glucose testing. Although guidelines can increase monitoring, most people still do not receive adequate testing.
Prevention of diabetes
All people with SMI and their carers should be made aware of the risk of weight gain and T2DM. This is especially important for people who are overweight or obese at the start of therapy or have a family history of obesity or diabetes. Giving quantitative estimates of expected weight gain with different antipsychotics can help individuals make an informed decision about treatment (53) .
Most guidelines recommend advice on physical activity, diet, psychoeducation of the individual and their family, and referral for advice and treatment. These should aim to help someone who is overweight or obese to achieve and maintain a 5-10% weight loss and progress to a healthy weight. Advice should be simple and focussed on the importance of diet and exercise in preventing initial weight gain, as subsequent weight loss is more difficult to achieve. Providing information on local facilities for exercise and physical activity or relevant support groups and weight management groups should be made available to individuals who are already overweight. Advice should also consider lifestyle and dietary issues common in individuals with schizophrenia (diet rich in saturated fat and refined sugar). Only 58.2% of people recently asked, however, felt they were given personalised advice about diet and nutrition (52) . The importance of behaviour change should be frequently emphasised to enable this to be put into practice. While lifestyle interventions are the cornerstone for prevention of T2DM, many mental health trusts struggle to implement this. This may be because it is unclear how these should be delivered in this specific population. Evidence-based programmes, such as the Diabetes Prevention Programme (DPP), did not included individuals with SMI. Although no lifestyle diabetes prevention trials have been undertaken in people with SMI, a number of studies have assessed the effect on body weight. A meta-analysis of 17 small studies has indicated that non-pharmacological interventions lasting 12-16 weeks lead to a mean weight reduction of 3.12 kg (60) . A more recent meta-analysis of interventions lasting longer than a year, however found significant weight loss in only two of the six included studies (61) .
Two long-term trials from the US have shown that intensive lifestyle management over a year can achieve significant weight loss. The ACHIEVE study studied the effect of combined group weight management sessions (weekly in the first 6 months then monthly), monthly individual visits and thrice weekly group activity classes in 291 people attending community psychiatric outpatients (62) . The intervention resulted in a mean weight loss of −3.2 kg over 18 months. The more recent STRIDE study found a 4.4 kg weight reduction in intervention participants compared to usual care after 6 months but this difference fell to 2.6 kg by 12 months when the intensity of the intervention was reduced (63) . In both of these studies, significant numbers of the participants had mental illness other than schizophrenia spectrum disorders, for whom behaviour change may be easier to achieve. The importance of these diagnostic differences may explain why the Danish CHANGE study, which randomised 428 people with schizophrenia spectrum disorders and abdominal obesity to 12 months of intensive lifestyle coaching plus care coordination, or care coordination, or usual care alone found no reduction in body weight or waist circumference with either intervention (64) .
The optimal weight management of people with SMI remains uncertain but is likely to include a multimodal approach which includes individually tailored lifestyle advice, optimisation of antipsychotic medication and adjuvant therapies such as metformin (57) .
Prediabetes
While the numerical cut off at which one has 'prediabetes' remains controversial, it is well accepted that there is a group of the population at high risk of developing diabetes. Closer monitoring of weight and glucose measurements, combined with intensive advice and support on diet and exercise is generally recommended.
In addition to lifestyle interventions, metformin has been shown to reduce the incidence of T2DM in the general population. Systematic reviews of metformin and antipsychotic related weight gain found metformin reduced weight by a mean of −3.17 kg (95% CI −1.90 to −4.4) (65). Greater weight loss, however, is likely to be needed to prevent T2DM. A double-blind clinical trial of metformin vs placebo in combination with antipsychotics with a primary outcome of glucose measurements (HbA 1c and OGTT) is currently recruiting. While metformin is general safe, it is not appropriate for individuals with alcohol dependence syndrome which is common in people with SMI (20.6% lifetime risk) because of the risk of lactic acidosis.
Other approaches have been considered more recently and two trials have assessed the effects of GLP1RAs in people taking antipsychotics. In the first, onceweekly exenatide did not promote weight loss (66) but improvements in both body weight (placebo subtracted 5.3 kg) and glucose measurements were seen in a larger (n = 103) using once daily liraglutide. 63.8% with prediabetes reverted to normal glucose tolerance (67) .
In clinical practice, switching antipsychotic is common; however, evidence for an effect on glucose metabolism is limited. While there are cases of T2DM which remit on withdrawal of antipsychotics, this is not generalisable to the population as a whole. Situations where this approach may be appropriate, include people who experience a >5% increase in body weight from baseline or worsening glycaemia. Antipsychotic medications should be cross-titrated gradually and abrupt withdrawal should be avoided. Particular caution should be taken when considering withdrawal of clozapine because of the potential for serious psychological sequelae. Another strategy considered by the BAP guidelines was the addition of an antipsychotic with a perceived lower diabetogenic potential (57) . The addition of aripiprazole to clozapine and olanzapine led to a 2 kg weight loss but glucose effects were inconsistent (68) . The degree of polypharmacy in this scenario must also be considered.
The most effective and cost-effective methods for identifying, assessing and managing the risk of T2DM among high-risk, vulnerable adults remains an important research question.
Management of diabetes
T2DM is initially often asymptomatic and it is estimated that up to 70% of cases in people with SMI are undiagnosed. However, appropriate monitoring should establish this diagnosis and guidelines generally advise a referral to the general practitioner or local diabetes team. The management of T2DM in people taking antipsychotic medication should follow the same principles and guidance of the general population with T2DM (69) . In addition, it is worth considering a multidisciplinary team care approach as it is recognised that people with SMI often benefit from this. Medications that may contribute to weight gain should be avoided where possible while newer agents, such as GLP-1RAs and sodium glucose cotransporter 2 inhibitors (SGLT2), may be appropriate. Cardiovascular risk should be aggressively managed along with an annual assessment to review and screen for early signs of retinopathy, neuropathy and diabetic nephropathy.
Consideration of antipsychotic medication choice may be reviewed again. Although switching to an antipsychotic with a lower propensity to increase glucose concentration may help, given the heterogeneity of dysglycaemic potential and weight gain among individuals this is by no means a guaranteed solution.
While there is agreement that people with T2DM taking antipsychotics should have access to the same high quality care as the general population making this a reality is more challenging. Less than half of those with SMI and T2DM met the glycaemic control target of HbA 1c <58 mmol/mol (7.5%) and their risk of diabetic complications is increased (54) . Care pathways for people with mental health problems and T2DM are often fragmented which builds barriers for people with SMI (52) . Stigma around mental health remains an issue and it is recognised that individuals with psychiatric disorders often struggle to access routine physical healthcare or establish timely contact for acute issues as a result of both mental health and organisational reasons. The ability for healthcare providers to share core information is often lacking.
Weight gain and a diagnosis of T2DM can also reinforce an individual's negative view of themselves and unsurprisingly individuals wish to stop the implicated medication (52) . This is a significant concern as mental health needs are more likely to be adequately met if people with SMI are taking antipsychotics (70) and good mental health is essential to enable individuals to make the daily self-management decisions which are necessary in T2DM. It is also less likely that lifestyle management programmes will be successful if individuals are acutely psychotic.
Conclusion
People taking antipsychotics are at increased risk of T2DM. Although these medications appear to increase the risk, these potential adverse effects need to be balanced against the improved and lasting mental health benefits. It is important that people with SMI are not denied effective treatment without good reason and individual factors must be considered in each case. Nevertheless, greater attention to the possible impact of antipsychotics on the physical health of people is needed. More research to develop and evaluate novel clinical innovations to prevent T2DM and better support those with diabetes and mental illness is needed. People with mental illness should be included in appropriate trials to reduce the risk of widening health inequality.
Diabetes and mental illness can both be challenging lifelong conditions but opportunities exist for healthcare professionals to improve the current situation for this potentially vulnerable and high-risk group. Key areas include improved integrated care pathways and communication, specialist training for healthcare providers and commissioning to incentivise best practice. Achieving parity of esteem between mental and physical health is a worldwide priority if we wish to improve life expectancy and quality of life in people with SMI. 'Death in old age is inevitable, but death before old age is not'. (Richard Doll) 
